Background: The impact of enamel defects of the first permanent molars on caries experience and child oral healthrelated quality of life was evaluated in a cohort study. Methods: Children who participated in a study of enamel defects of the first permanent molars 8 years earlier were invited for a follow-up assessment. Consenting children completed the Child Perception Questionnaire and the faces Modified Child Dental Anxiety Scale, and were examined by two calibrated examiners. ANOVA, Kruskal-Wallis, negative binomial and logistic regression were used for data analyses. Results: One hundred and eleven children returned a completed questionnaire and 91 were clinically examined. Negative binomial regression found that oral health impacts were associated with gender (boys, risk ratio (RR) = 0.73, P = 0.03) and decayed, missing or filled permanent teeth (DMFT) (RR = 1.1, P = 0.04). The mean DMFT of children were sound (0.9, standard deviation (SD) = 1.4), diffuse defects (0.8, SD = 1.7), demarcated defects (1.5, SD = 1.4) and pit defects (1.3, SD = 2.3) (Kruskal-Wallis, P = 0.05). Logistic regression of first permanent molar caries found higher odds of caries experience with baseline primary tooth caries experience (odds ratio (OR) = 1.5, P = 0.01), the number of teeth affected by enamel defects (OR = 1.9, P = 0.05) and lower odds with the presence of diffuse enamel defects (OR = 0.1, P = 0.04). Conclusions: The presence of diffuse enamel defects was associated with lower odds of caries experience.
INTRODUCTION
There is limited information available on the longitudinal impact of dental enamel defects of the first permanent molars on caries experience of the molars and the child oral health-related quality of life (COHRQoL). Most of the studies are cross-sectional, and the association between the presence of dental enamel defects and dental caries is mixed, with some studies reporting increased caries risk with the presence of dental enamel defects. [1] [2] [3] [4] [5] The presence of hypoplastic defects of the enamel appears to be specifically related to the occurrence of dental caries. 6, 7 However, there are other studies that have reported contrary findings with no association reported between the presence of enamel defects and dental caries. 8, 9 In a longitudinal study of children affected by severe hypomineralizations of the first permanent molars, the increment in caries, obtained from clinical notes, between affected children and non-affected children was similar over a 9-year interval. 10 There was a significantly higher overall caries experience among children affected by hypomineralizations, however, all but one child had their affected teeth treated at baseline, 9 years earlier.
There is also limited information available on the association between the presence of enamel defects and oral health-related quality of life. Most studies again are cross-sectional and are based on global assessment of the presence of enamel defects; and the association between COHRQoL and the presence of dental enamel defects are mixed, with some studies reporting an adverse impact of the presence of enamel defects on quality of life, 11, 12 while others reported no association between enamel defects and COHRQoL. [13] [14] [15] [16] A cross-sectional study, which evaluated teeth for the presence of molar incisor hypomineralization (MIH) among children, reported an association between the presence of MIH and aesthetic concerns and with teeth sensitivity. 4 Whilst another cross-sectional study, which evaluated the presence of enamel defects on the first permanent molars of children using the Dental Defects of Enamel Index, found no association between the presence of enamel defects and COHRQoL as reported by the parents. 17 In a qualitative study, Marshman et al. (2009) suggested that the impact of the presence of enamel defects was mediated through a person's sense of self, and individuals whose sense of self was externally oriented by opinion of others were impacted more by the presence of enamel defects than individuals whose sense of self was internally generated. 11 The focus of that study was on the presence of enamel defects on anterior teeth. Comparison between studies of the assessment of the association between dental enamel defects and COHRQoL is also complicated by the use of different measures of enamel defects and different measures of COHRQoL scales among the studies.
The aim of this study is to report on a longitudinal follow up of the impact of enamel defects of the first permanent molars on the caries experience of the molars and the entire dentition, the COHRQoL of a cohort of children, and child dental anxiety. The study is a follow up of children who were enrolled in a study on the occurrence of enamel defects on the first permanent molars of teeth when they were 5 years of age (baseline study). 18 That study also reported on the COHRQoL of the child as informed by the parent and found that COHRQoL was associated with primary tooth caries experience, but not with the presence of dental enamel defects of the first permanent molars. 17 Although useful, the validity of proxy reports by parents of COHRQoL has been questioned. 19 This study sought to overcome the limitations of proxy reports of COHRQoL by obtaining participant-informed COHRQoL and contemporaneous oral health status.
METHODS
Children who were 5 years old at the time (1999, 2000) , and recruited into the baseline study that evaluated the occurrence and risk factors for the developmental enamel defects of the first permanent molars were invited to participate in a follow-up study. The details of the study sample and the findings from the initial study have been reported. 18, 20 The Human Research Ethics Committee of the University of Western Australia provided ethical approval for the conduct of the study.
Parents and the children who participated at baseline (N = 550) were traced through the WA Dental Health Services Patient Management System Database. A study pack comprising study information, consent form and questionnaire were mailed to the address on the database. Each parent and child provided a signed informed consent to participate in the follow-up study and each child completed a questionnaire on the oral health-related quality of life (item impact-derived short-form Child Perception Questionnaire, CPQ [11] [12] [13] [14] 21 and dental fear (faces version of the Modified Child Dental Anxiety Scale, MCDAS). 22 Each child was also invited to attend for an oral examination at a school dental service clinic. Dental examinations to assess the tooth surface conditions for dental caries, using the International Caries Detection and Assessment System criteria, 23 was undertaken by two calibrated examiners who were blind to the baseline developmental defects of enamel (DDE) status of the child (intra-examiner 1 j = 0.89; intraexaminer 2 j = 0.70; inter-examiner j = 0.59). Caries experience was presented as decayed (into the dentine), missing or filled permanent teeth (DMFT).
The categorization of enamel defects on the first permanent molars was based on the DDE index and the classification data of each molar and child from the baseline was used.
18,24 The mother's education level and employment status at baseline were used as socioeconomic control variables. Individuals were classified into type of enamel defect present by ranking the type of defect into sound < diffuse defects < demarcated defects < pit defects.
The questionnaire contained the CPQ 11-14 and the MCDAS. The CPQ 11-14 was a 16-item scale and evaluated quality of life on four domains: (i) oral symptoms; (ii) functional limitations; (iii) emotional well-being; and (iv) social well-being (four questions in each domain, Fig. 1 ). The response to the questions were 'never' (0), 'once or twice' (1), 'sometimes' (2), 'often' (3) and 'very often' (4). The scale was scored according to the approach adopted by the scale developers, by summing the questions in each domain and the overall scale. The scale can have a minimum of 0 and a maximum of 64. A global oral health and wellbeing question was also asked, 'How much does the condition of your teeth, lips, mouth or jaws affect your life overall?' with available responses being, 'not at all' (0), 'very little' (1), 'some' (2), 'quite a lot' (3) and 'very much' (4). Construct validity was assessed by the correlation between the mean domain scores and the children's global oral health and well-being rating (Spearman's rank correlation coefficient). The ordinal score of each question was categorized into 'no impact' (score 0 or 1) or 'impact' (score 2-4).
Counts of impacts were undertaken to obtain an overall number of impacts (range, 0-16).
The MCDAS comprises eight questions ( Fig. 2 ), which asks the child to select the face that shows their feelings when responding to the question. The overall scale was scored by categorizing the response to each question into 'no impact' (score 1 or 2) or 'impact' (score 3-5) and overall count of anxiety impacts was summed over all questions (range, 0-8); missing and incomplete responses were excluded.
Analysis
Data were analysed on a personal computer using STATA version 12 software (StataCorp, College Station, TX, USA). Comparison of those children lost to follow up and those who were followed up were tested using the Wilcoxon rank sum test for mean values and chi-square or Fisher's exact test for test of proportions. Mean overall and the domain scores for the CPQ [11] [12] [13] [14] and the MCDAS scales were calculated and were compared between groups of children with enamel defects using ANOVA and, because of skewed distribution, caries experience (DMFT) was tested using the non-parametric Kruskal-Wallis test. Cronbach's alpha was used to determine the internal reliability of the scale. Multivariate analyses were undertaken to control for potential confounding of the association between enamel defects and dental caries experience, COHRQoL and dental anxiety.
Only the most parsimonious model in the multivariate analyses was presented.
Separate models of negative binomial regressions, to control for over-dispersed data, were undertaken to test for significant factors associated with counts of oral health impacts (CPQ [11] [12] [13] [14] ) and counts of dental anxiety impacts (MCDAS). Coefficients from negative binomial regression were presented as rate ratios.
Logistic regression, controlling for clustering of teeth within an individual, was undertaken to test for factors of significance with caries experience of the first permanent molars (0 = no caries experience, 1 = caries experience). Variable selection for the models was undertaken using the process outlined by Hosmer and Lemeshow 25 to obtain a parsimonious model, and coefficients presented as odds ratios. Multiple imputation analyses were undertaken of participants with missing follow-up clinical data.
RESULTS
Participant's flow through the study is shown in Fig. 3 . Of the 550 children eligible for follow up from the baseline study, 517 were traced on the DHS patient management system, of which 462 had an address to which the study information and consent packs were posted. Fifty-six information packs were returned to sender, and 111 children returned the consent and questionnaire (27% response of traceable contacts) and 91 children were examined (82% of those consenting, 22% of traceable contacts).
The mean age of children at follow up was 14.7 years (range, 13.7-15.8; standard deviation (SD) = 0.3), and there was no statistically significant difference in the baseline age of children who were followed up and those lost to follow up. Characteristics of participants who were traced and those unable to be contacted are shown in Table 1 . More girls than boys returned a questionnaire at follow up, but there was no significant difference in the gender of children who were examined at follow up. Children who returned the questionnaire and also examined had lower baseline primary tooth caries experience than children lost to follow up. There was no statistically significant difference in the type of enamel defects or the number of teeth affected between those who were lost to follow up and those who returned a questionnaire, and those who were examined. The mean interval between the follow-up examination and the baseline was 7.5 years (SD = 0.5). Table 2 shows the mean CPQ score, MCDAS score and permanent tooth caries experience among children with different types of enamel defects in their first permanent molars. There were no children with any missing first permanent molars. The mean CPQ score was 10.2 (SD = 8.6) and the mean MCDAS score was 20.6 (SD = 7.5). There were no statistically significant differences in COHRQoL and the MCDAS and permanent tooth caries experience between children by their enamel defect status.
Spearman's rank correlation coefficient between CPQ domain scores and the total score with the global health and well-being rating by the children were all positive and statistically significant: oral symptoms (q = 0.33, P < 0.001); functional limitations (q = 0.38, P < 0.001); emotional well-being (q = 0.44, P < 0.001); social wellbeing (q = 0.35, P < 0.001); and total CPQ score 
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© 2016 Australian Dental Association P Arrow (q = 0.48, P < 0.001). The Cronbach's alpha for both the CPQ 11-14 and the MCDAS was 0.88. Negative binomial regression modelling of oral health impacts and child dental anxiety is shown in Table 3 . Boys were less likely to report poorer rates of oral health impacts than girls (risk ratio (RR) = 0.73, 95% confidence interval (CI) = 0.55-0.97), whilst each increment of one permanent tooth caries experience was associated with an 11% increased rate of oral health impacts (RR = 1.11, 95% CI = 1.01-1.19).
Gender was the only factor associated with dental anxiety; boys reported lower rates of dental anxiety (RR = 0.71, 95% CI = 0.54-0.94) than girls. Table 4 shows the results of the multiple logistic regression of caries experience of the first permanent molars (0 = sound, 1 = DMFT >0). The model controlled for the clustering of molars within an individual using the xtlogit command within STATA. Baseline primary tooth caries experience was significantly associated with the odds of the first permanent molar experiencing caries (OR = 1.5, P = 0.01). Increased number of teeth affected by enamel defects increased the odds of the tooth experiencing caries, and was marginally statistically significant (OR = 1.93, P = 0.047), whilst teeth affected by diffuse enamel defects were protected from experiencing caries (OR = 0.15, P = 0.042). Logistic regression with multiple imputed data on caries experience of the children without a dental examination at follow up (N = 20) was undertaken. In the multiple imputed model, increasing primary tooth caries experience was the only factor associated with first permanent molar caries experience (OR = 1.4, 95% CI = 1.1-1.7, P < 0.01).
DISCUSSION
This study is one of the few reporting on longitudinal follow up of children affected by enamel defects of the first permanent molars and their caries experience of the first permanent molars, oral health-related quality of life and child dental anxiety. The examiners achieved a substantial level of intra-examiner agreement and moderate level of inter-examiner agreement. This study found that children with demarcated defects had higher overall permanent tooth caries experience, which was not statistically significant. However, the presence of diffuse enamel defects was significantly associated with a protective effect for the occurrence of caries when tooth-specific defect was related to tooth-specific caries experience, controlling for intra-individual correlation between the first permanent molars. The DDE index used in this study does not differentiate the enamel defects on the likely causative factors, it is possible that the finding in this study of a preventive effect of the presence of diffuse enamel defects may be an indicator of fluoride exposure and the presence of mild levels of fluorosis. This contrasts with a retrospective study that assessed the occurrence of enamel defects and dental caries among very low birthweight children recruited at birth and dentally examined at adolescence, which found that the prevalence of demarcated opacities was associated with very low birthweight, and with caries experience of incisors and molars. 2 That study reported, however, only on the association between caries and teeth affected by demarcated opacity or hypoplasia; the association between caries and teeth affected by diffuse defects was not reported.
The associations between enamel defects and occurrence of caries in primary and permanent teeth have also been reported. 3, 5, 6, 26 The studies reported increased caries risk among primary teeth with hypoplasia or hypoplasia with opacity, and in multivariate analyses, enamel defects were categorized as present or absent without specifying types of enamel defects. The whole of mouth association of enamel defect presence with the caries experience was reported, not the tooth-specific presence of enamel defect and caries experience, and no account was taken of the intraindividual correlation among teeth in an individual.
The association found between the presence of demarcated defects and dental caries in this study also differs from that reported by J€ alevik et al. (2012) where children affected by severe hypomineralization on their first permanent molars had higher caries experience than non-affected children. However, they also reported that there was no difference in the increment of caries, and the majority of affected teeth had been treated at baseline and it was not possible to determine if the teeth were treated because of caries or because of sensitivity and pain arising from the severe enamel defects.
The lack of an association between demarcated opacities and caries may be due to small numbers of people with demarcated opacities and possibly due to less severe levels of enamel defects among the study sample. Furthermore, the children in the study were patients within a comprehensive school dental service program and it is possible that children with demarcated defects were provided with more intensive preventive care, thus potentially affecting the caries risk of those teeth.
The finding in this study of a positive association between poorer COHRQoL and permanent tooth caries experience, but not with the presence of enamel defects, has been reported in other studies. [13] [14] [15] This is in contrast to other studies that have reported significant impact of enamel defects on COHRQoL. 11, 12 The study by Vargas-Ferreira et al. (2011) found a significant association between the presence of hypoplastic enamel defects with the functional limitation domain only of the CPQ, whilst in a qualitative study, Marshman et al. (2009) reported that the impact on COHRQoL by the presence of enamel defects on anterior teeth were mediated by the person's sense of self. Large variations between the presence of condition-specific normative needs and self-report of oral health impacts among children have been reported and it is possible that the evaluation of impact of enamel defects confined to posterior teeth and focusing on dental caries may not show any condition-specific impacts as measured through a COHRQoL instrument. 27 It is also possible that the scale used to measure COHRQoL was not sensitive enough to differentiate the changes in quality of life with respect to the presence of dental enamel defects. This study did find an association between the child's gender and COHRQoL, with boys reporting fewer oral health impacts. The association between gender and oral health-related quality of life where girls generally reported experiencing poorer oral health-related quality of life has been reported in other studies. 28, 29 The reasons for gender differences during adolescence to oral health-related quality of life has been explored, and may be related more to psychosocial differences in self-esteem and self-perceptions of body image between boys and girls rather than clinical or sociodemographic differences. 29 There was no statistically significant association between the presence of enamel defects and child dental anxiety, which contrasts with other cross-sectional studies where children with severely affected first permanent molars were more anxious than children with sound molars. 30 However, the observed association of higher anxiety levels among children with severe enamel defects may be more a reflection of how the affected teeth were managed (restored without local anaesthesia). 30 A longitudinal evaluation of the children from the baseline cross-sectional study, now classified as affected by MIH, at 18 years of age found that children affected by MIH still required more treatment to be undertaken on affected teeth and displayed difficult dental management behaviours; however, there was no difference between affected and not affected children in their level of dental anxiety. In fact, over the interval, the level of anxiety decreased among children with MIH whilst the non-MIH children's anxiety levels had increased. 10 Longitudinal evaluation of changes in child dental anxiety in this study was not possible because childhood dental anxiety was not recorded at baseline. However, this study found, in common with other reported studies, lower levels of dental anxiety among boys compared with girls. 31 This study has limitations that should be considered in interpreting the study findings. Participant loss over the observation interval is a threat to longitudinal studies and there was a considerable loss to follow up after an interval of 7.5 years. Assessment of the measured factors among those lost to follow up and those followed up indicated that children who were lost to follow up had higher primary tooth caries experience than children who were followed up. It is likely, therefore, that the children in this study were at a lower risk of caries than those lost to follow up. However, there was no difference in the type and number of teeth affected by enamel defects and sociodemographic factors between children lost to follow up and those followed up. Also, reduction in sample size due to participant loss might have impacted on the power of the study to detect differences as being statistically significant. However, a statistically significant association between dental caries experience and COHRQoL was found in spite of the potential loss to statistical power and the children in this study having lower baseline caries experience than children lost to follow up. Therefore the association between caries experience and COHRQoL is likely to be stronger.
A related limitation was that the COHRQoL instrument used in this study, and which was completed by the child, differs from the parent-reported COHRQoL instrument used in the baseline study, thus direct comparison of changes in COHRQoL over time was not possible. There were also very few children who had complete clinical record data on frequency of treatment and types of treatment on their teeth, thus the potential impact of treatment effects could not be evaluated in this study. However, the children in the study were all registered patients with the School Dental Service of Dental Health Services of Western Australia, which has strong clinical guidelines on the treatment of children, thus the management of these children is unlikely to vary to any significant extent.
Whilst the study had a considerable loss to follow up, the strength of the study is its longitudinal follow up of children who had the status of their first permanent molars assessed for the presence of enamel defects soon after eruption, prior to any caries experience. Thus, the temporal sequence strengthens the causal explanations for association between enamel defects and other factors. The study also found differences in dental anxiety and COHRQoL among boys and girls, similar to that reported in other studies, thus providing a degree of confidence in the study's findings.
CONCLUSIONS
This cohort follow-up study of children initially enrolled in the study at 5 years of age found that at the age of 14 years, the presence of diffuse enamel defects on the first permanent molars was a protective factor for caries experience, whilst primary tooth caries experience at the age of 5 years and the number of first permanent molars affected by enamel defects were associated with higher odds of caries experience. COHRQoL was not associated with the presence of enamel defects, but was related to caries experience of the first permanent molars and gender. Children with caries experience of the first permanent molars and girls reported significantly poorer COHRQoL, and girls reported more impacts from dental anxiety.
